ABSTRACT
INTRODUCTION
Yale was one of the first institutions in the United States where geology was taught; the subject has been offered continuously since 1804, and as a separate discipline since 1812-the longest unbroken run, so far as we know, of any institution in the country. A study of the history of geology at Yale shows that any account must focus on the individuals who have worked at the institution-how they interacted and how their interests and activities changed the science and the institution. The story of the development of geology at Yale shows how individuals shape an institution, and could apply to dozens of other distinguished universities.
Geology was first taught at Yale in the first decade of the 19th century, but records show that even earlier there was research and teaching by Yale people in topics that would today be considered geology. In the 18th century, for example, it was a popular occupation for the mathematically inclined to calculate almanacs estimating the positions of the Moon and the planets and, especially, predicting the dates of eclipses. Today this would be called planetology, much of which is housed under the title of geology. Evidence of a marked interest in another aspect of planetology-meteors, fireballs, and comets-appears in a pamphlet prepared by Yale President Thomas Clap and published posthumously (Clap, 1781), which records his conclusion that fireballs are a class of comets that circle the Earth in highly eccentric orbits. Clap's conclusion was incorrect, but his enthusiasm for science and improvements in the teaching of mathematics were influential on the future of the sciences at Yale.
In 1801 President Timothy Dwight appointed a professor of mathematics and natural philosophy (physics)-the first of several faculty appointments that would place science on a secure and permanent footing at Yale. For his second appointment in 1802, he chose a recently graduated student who was then entering on a legal career; Dwight prevailed on him to abandon the law and become a teacher. The student, Benjamin Silliman (1779-1864), had never had a course in chemistry, mineralogy, or any other subject allied directly to geology, but he accepted Dwight's offer and, at the age of 23, was appointed Professor of "Chymistry" and Natural History. Silliman immediately set to work learning the subjects he was to teach by attending lectures in chemistry given by Professor James Woodhouse in the Medical School of the University of Pennsylvania. While in Philadelphia, he also attended lectures by Caspar Wistar on anatomy and surgery, took a private course in zoology given by Benjamin Barton, and made social contact with Joseph Priestley. Beyond some professional advice and assistance offered by Dr. John Maclean, Professor of Chemistry at Princeton, the Philadelphia experience was the only formal training in science that Silliman had when he presented his first course in chemistry to Yale College students in 1804-1805. The course consisted of 60 lectures, with mineralogy introduced at appropriate points. Silliman knew only too well that he was not really prepared for a career in either chemistry or natural history, so in 1805 he journeyed to England and Scotland where he spent a year inspecting mines, visiting various institutions, and studying in Edinburgh. While in Edinburgh, he became interested in the Vulcanist-Neptunist debate, which was then at its peak. He attended lectures by Dr. John Murray, an avowed Wernerian-Neptunist, and Dr. Thomas Hope, an avowed Huttonian-Vulcanist. Though more impressed by Murray, he struggled with the conflicting philosophies, remaining ". . . to a certain extent, a Huttonian, and abating that part of the rocks which the igneous theory reclaims as the production of fire,... as much of a Wernerian as ever" (Fisher, 1866, v . 1, p. 170). His earliest paper on the geology of New Haven (Silliman, 1810), written soon after his return from Scotland, makes interesting reading because it reflects the conflict in his mind and his attempts to resolve it. As he carried out this earliest geological investigation of the New Haven region, he was accompanied on horseback by interested local citizens, including Noah Webster, whom Silliman described as being "in the meridian of life" and "among the most zealous of my companions. . . ." (Fisher, 1866, v 
. 1, p. 216).
By the fall of 1806, Silliman was ready for a full-time teaching role. He was the founder of both the geological and chemical sciences at Yale, and more important for our story, one of the founding fathers of geology in North America.
Geological activities at Yale can be readily divided into seven stages: the first started about 1800 and covered the long career of Silliman and the early work of his distinguished student and son-in-law, James Dwight Dana (1813-1895). The second stage began about 1850, as Silliman's teaching career drew to a close. Two events of major importance marked the opening of this second stage. The first was the founding of a scientific school under the direction of Benjamin Silliman, Jr. and John Pitkin Norton; the other was the appointment of Dana to the faculty of Yale College. The third stage opened 30 years later, about 1880, by which time G. J. Brush had directed the Sheffield Scientific School to considerable prominence and the Peabody Museum of Natural History had been founded. Subsequent steps came in more-or-less generation-long gaps of 20 to 25 years. Each step began with a group of distinguished faculty members who were appointed over a period of about eight to ten years, and imparted to the institution a special flavor determined by their particular interests. As members of the group retired or died, responsibility passed to a new generation and a new pattern started to emerge. Distinct changes occurred about 1880, 1900, 1920,1945, and 1965 . It is now apparent that the Department of Geology and Geophysics has entered yet another stage of generational refurbishing in the 1980s; future histories will probably mark 1985 as the midpoint of the change. The dates of change are not exact-"about 1900" really means the time span from a few years before 1900 to a few years after 1900. An examination of Fig. 1 (Merrill, 1920) , and many geological topics-such as continental glaciation-captured the public imagination. The growth of the subject in North America was in no small measure aided by Silliman's elegant bearing (Fig. 2) , powers of persuasion, and gifted teaching. But Silliman had acquired respectable scientific skills as well. His student, Amos Eaton, said, "Silliman ... gives the true scientific dress to all the naked mineralogical subjects which are furnished to his hand" (Eaton, 1820, p. ix). Silliman was a founding officer, in 1819, of the first national organization for geologists, the American Geological Society, and he attracted to Yale many students and postgraduates who became leaders of the fledgling science. In 1818 Silliman founded the American Journal of Science, providing a publication outlet for scientists in all fields. That journal has been published at Yale, without a break, to the present day.
Silliman's effect on Yale as an institution was enormous. His leadership, forceful ideas, and organizational skills provided the momentum in the development of the physical sciences that led directly, albeit some years after his death, to Yale's becoming a university rather than a college.
STAGE 2: THE YEARS BETWEEN ABOUT 1850 AND ABOUT 1880
Two events mark the opening of stage 2. The first was the appointment, in 1850, of James Dwight Dana (Fig. 3) order to bring about the newly endowed chair. Silliman continued to teach geology until Dana had completed his expedition reports and was ready to take over the lecturing role in 1856.
The second event that marked the opening of stage 2 was a result of Silliman's practice of accepting postgraduates for specialized instruction (for which no degree was given), a practice he started before 1820. His son, Benjamin Silliman, Jr., continued the practice by teaching applied chemistry to some of his father's special students, starting in 1842. This in turn led to the opening in 1847 of what was initially called the Yale School of Applied Chemistry, directed by the younger Silliman and John Pitkin Norton. The school received no financial assistance and little encouragement from Yale. Later named the Sheffield Scientific School after a wealthy benefactor, the institution developed into a successful technical college that awarded its own undergraduate degree for professional training in the applied sciences. In 1852 the new degree, the Bachelor of Philosophy (Ph.B.), was awarded to a group that contained members destined for greatness in geology. Perhaps the most distinguished was George Jarvis Brush (1831-1912; Fig. 4 Another among the students who were attracted to Yale sciences during the period from 1850 to 1880 was Clarence King (1842-1901), who graduated from the Sheffield Scientific School in 1862. King's early geological activities were mainly in the West, and from 1867 to 1877 he was Director of the U.S. Geological Survey of the Fortieth Parallel, working in the area now embraced by the states of Nevada, Utah, and Colorado. His greatest scientific interest was probably the origin and geological history of the North American Cordillera, but more important for geology as a profession was his appointment, in 1879, as first Director of the newly founded U.S. Geological Survey. He was the first of many Yale geologists to join and serve that distinguished institution. King stressed the scientific as well as the practical side of geology, and the U.S. Geological Survey follows his tenets to the present day. The importance of the U.S. Geological Survey to the development of geology in both North America and the rest of the world can hardly be overestimated.
As the second stage drew toward its close in 1880, a change of major importance occurred within the complex institution called Yale. Some years earlier, J. D. Dana and others had become champions of the move toward making Yale a university rather than an undergraduate college with appendages in professional schools. However, there was continued resistance in the conservative administration to any plan which would place other units of the academic community on an equal footing with the College and its rigorous discipline of young male minds through the traditional memorization and recitation of classical subjects. Perhaps this regimentation had been necessary in earlier years when some of the students were really children and the faculty had to act in loco parentis; Benjamin Silliman, for example, was 13 when he entered Yale in 1792. But times had changed, and Harvard, under President Charles William Eliot, was directing the change. Eliot presented his ideas for a curriculum revision in his inaugural address in 1869; in the preparation of that address he was advised by G. J. Brush and Daniel Coit Gilman (B.A., 1852*), both officers of the Sheffield Scientific School (Morison, 1936) . Gilman later became first president both of the University of California and of The Johns Hopkins University. Eliot set forth a plan whereby Harvard would become a university in which graduate degrees were to be offered in many departments and in which training and research in the sciences were to be given special emphasis. When Harvard made such a move, could Yale fail to react?
Eliot's plan temporarily led to a near-total abandonment of required courses for undergraduates at Harvard. Yale's curriculum reform began in the 1870s, when electives were allowed in Yale College for the first time. By 1887 an extensive elective system existed and Yale had officially become a university (Pierson, 1952).
STAGE 3: THE YEARS FROM ABOUT 1880 TO ABOUT 1900
By 1880, Yale's activities in the geological sciences were located in four administratively separate units-Yale College, the Sheffield Scientific School, the Graduate School, and the Peabody Museum. In the College, a general geology course was offered by J. D. Dana using his Manual of Geology (first edition in 1862) as a text. It is interesting to look at the exam Dana gave students in 1884 (Fig. 7) . The questions have a decidedly modern ring to them and one wonders if students today could handle such an exam in two hours. It is especially interesting to see Question 4 concerning the sources of heat that cause geological changes. This was some years before the discovery of radioactivity, when questions such as the heat generated by gravitational compression were being widely debated. Dana obviously taught a course that was current.
In the Sheffield Scientific School, students followed one of several prescribed programs of study, the choice depending on their proposed profession. Basic geology was taught, oddly enough, by Addison Emery Verrill, Professor of Zoology (using Dana's textbook) and was required for most of the programs.
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Ton, 2 HOUBS. as the P of the CIPW system of normative calculations [Cross, Iddings, Pirsson, and H. S. Washington (B.A., 1886) ]. In many respects, however, Pirsson reinforced the mineralogical strengths of Yale's geological activities so, as they neared the ends of their careers, J. D. Dana, a generalist, and O. C. Marsh, a paleontologist, were the two who gave breadth to the field. Fortunately, Pirsson became increasingly interested in some of the larger geological problems and in 1893 he was relieved of his teaching in mineralogy so he could take over the course of basic geology from Verrill (Cross, 1920) . In 1915, Pirsson and Charles Schuchert published their course notes, which became the first in a long series of physical and historical geology texts authored by Yale geologists. The forefather of them all was Dana's Manual of Geology, used both at Yale and around the country for more than a generation. Verrill and Pirsson not only used Dana's text, they knew the man himself and taught the line of reasoning used in his book. In a sense, the many physical and historical geology texts from Yale faculty are one of the institution's major products.
1.
The (Cleland, 1919) . Problems caused by the assignment of faculty to different administrative units on campus also seemed to get in Williams's way, as later correspondence from H. E. Gregory to Williams suggests: ". . .it is certainly due to you that the agitation was started and that our faculty began to see clearly the danger of the relationship between the schools as they did" (Gregory, 1906, p. 148) .
In 1904, Williams returned to Cornell. Only one other appointment was made before a great faculty expansion started at the turn of the century-that of Charles Emerson Beecher , appointed Assistant in Paleontology in the Peabody Museum in 1888. Beecher, an invertebrate paleontologist, had studied at the University of Michigan and worked in Albany with James Hall; after he came to Yale he completed a thesis on fossil sponges and was awarded a Ph.D. degree in 1889. This led to his appointment as a faculty member (Professor in 1897) in the Sheffield Scientific School, and he succeeded Marsh as unofficial director of the Peabody Museum. Beecher seems to have been the first senior faculty appointee to teach paleontology on a regular basis; unfortunately he died suddenly and unexpectedly in 1904, the same year in which Williams resigned. Marsh had died in 1899, so, as Yale entered its third century of instruction, it was rich with paleontological collections but devoid of faculty members to teach from them.
The number of students trained at Yale during the 20 years from 1880 to 1900 was not especially large, but those Yale graduates went on to play major roles in the development of science in the United States. One of the most significant was Arthur L. Day, who graduated from the Sheffield Scientific School in 1892 and then received his Ph.D. in physics from the 
STAGE 4: THE YEARS FROM ABOUT 1900 TO ABOUT 1920
The years from about 1900 to 1920 are among the most distinguished in the history of geology at Yale (Fig. 8) . But they were also years of great tragedy and, at times, of turmoil.
In 1904 Barren's interests were eclectic, and he published major papers on such topics as isostasy, geologic time (he believed the earth to be at least 1.5 billion years old), the influence of climate on the nature of stratified rocks, the nature and relationship of marine and continental environments of deposition, volume changes during metamorphism, and the planetesimal hypothesis of the origin of planets. He was apparently an extraordinarily acute and demanding teacher of graduate students, but too demanding for most undergraduates. Among his peers and colleagues he seems to have been held in great affection but also in great awe; in Barren's memorial, Gregory wrote (1923, p. 22) that "he possessed many attractive human traits, but his intellectual power was so obvious and so continuously displayed that 20 years of intimacy has left me an impression of a mind rather than of a man." Geologists often overlook Barrell because he died young and because his interests ranged so widely, but as G. L. Thompson (1964, (Boltwood, 1905 ) that lead is the end product of uranium decay. From this came his suggestion (Boltwood, 1907 ) that simple lead/uranium ratios in minerals should give an estimate of the time of crystallization of the mineral. Radiometric dating was born; one of the specimens he analyzed was a uraninite crystal from a pegmatite near Glastonbury, Connecticut, for which he estimated an age of 410 million years. Boltwood was not aware that two isotopes of uranium were present and that two different daughter products were included; fortuitously, the errors involved compensated each other and the date he calculated is surprisingly close to the age we would assign today (265 m.y.).
STAGE 5: THE YEARS FROM ABOUT 1920 TO ABOUT 1945
At the beginning of stage 5, a university-wide administrative reorganization occurred and the present-day departments of study were formed. Unification of all the geology faculty of the three schools-Yale College, the Sheffield Scientific School, and the Graduate School-created a geology department that was a distinct budgetary unit with the power to govern its own faculty appointments, responsible to a central university administration. Institutions are sometimes blessed by a flux of students who for a time catalyze each other's interests and stimulate each other to heights of great achievement. A necessary ingredient for success is that the students have the right temperaments, but even more essential is that they have an outstanding faculty with whom to interact (Rubey, 1974; Gilluly, 1977 Starting about 1900, a noticeable increase in the production rate occurred (Fig. 14) ; the award rate rose to about 2.5 degrees per year and remained at that level until the end of World War II. The rise actually started in 1903, and coincided with the first appointments made specifically for graduate instruction. Starting about 1950, another distinct jump occurred, to an average award rate of 6 degrees per year-a rate maintained to the present day. This second jump was apparently generated by the increased size of the graduate student body as returned servicemen swelled its ranks after World War II, and by the maintenance of the increased student-body size by an inflow of government funds supporting the research carried out by the students.
Charles Schuchert was named the first Chairman of the new
DEGREES HELD BY YALE FACULTY
During the first century of geological instruction the instructors were, by and large, educated at Yale. This is not surprising, considering the small number of institutions where geologists
